A new instrument to carry out complex viscosity measurements in equilibrium and in a steady shear flow has been developed. A small amplitude harmonic excitation is superimposed orthogonally to the steady shear rate component. It is realized by a thin-walled cylinder, which oscillates in the axial direction in a rotating annular cup. The cylinder is suspended from a spring and guided by an air bearing. The spring, which itself is attached to an axially oscillating exciter, has been designed especially for a low linear and a large torsional spring constant. The motion of the cylinder and exciter is recorded and analysed. The applicable frequency ranges from 0.001 up to 50 Hz, the steady shear rate from 0.001 up to 100 s -1 and the oscillatory shear amplitude from 3 down to 0.003. The temperature can be set and controlled between 5 ° and 70°C.
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The instrument is suited for viscosities in the range from 0.3 mPas up to 1 Pas. Considering this, the range and sensitivity with respect to existing instruments has been extended significantly. Besides a description of the instrument much attention has been paid in this paper to the theoretical background of orthogonal superposition in frames of the simple fluid theory. Also the measurement range and calibration of the instrument as well as the accuracy of the obtainable results are discussed. At last some demonstration measurements on both a polymer solution and an ordering latex dispersion are presented.
Introduction
The viscoelastic properties of non-Newtonian fluids, like dispersions and polymers solutions depend strongly on the internal structure. For polymers, the molecular weight and configuration of the molecule chains are important parameters. In the case of, for instance, polystyrene latex dispersions the fluid consists of small charged polystyrene micro spheres dispersed in water with the addition of salt. At low excess salt concentrations the micro spheres tend to crystallize in an ordered matrix due to their mutual repulsion, and the fluid is mainly elastic at equilibrium, while at moderate concentrations the elastic properties lessen due to the weakening of the crystal.
In order to characterize such complex fluids without changing the micro structure, the response of these fluids to small harmonic shear deformations is studied. In the past, techniques have been developed for the study of fluids by this so-called dynamic method (see for instance the paper by Oka (1960) and more recently Whorlow (1992) and Matin (1988)).
Under flow conditions the microscopic structure of the fluid may change. In the case of a polymer solution the molecule chains are stretched due to the applied shear deformation. In an ordered latex dispersion the crystal structure might break down into small fragments. It is expected that in both cases a change in the viscoelastic properties will occur.
In order to study the linear viscoelastic properties of a complex fluid while it is in a steady shear state a new torsion pendulum apparatus was developed by Van den Ende et al. (1992) a few years ago. With this apparatus a small amplitude shear deformation is superimposed parallel on a steady shear flow. This instrument operates at discrete frequencies, 86, 283, 739 and 2440 Hz.
Experience with ordered latices, gelling materials and polymer solutions shows that it is of interest to extend the frequency range to lower frequencies (0.01-10Hz). Apart from the frequency, the direction of the oscillatory shear deformation with respect to the steady shear flow can be an important aspect. Experimental considerations show that the development of a parallel superposition instrument for the low frequency range is much more complicated than an orthogonal superposition instrument. Besides, theoretical considerations show that the interpretation of the measured orthogonal complex shear modulus is less complicated as it is directly related to one material function in contrast to the parallel shear modulus which is related to two non-distinctive material functions (see for instance Huilgol (1975) ).
Thus it was obviously necessary to develop an orthogonal superposition instrument. The principle of this apparatus dates back to the papers of Philippoff (1934), Birnboim and Ferry (1961) and Smith and Ferry (1949) . They built instruments in which a cylindrical rod oscillates harmonically in a concentric annular beaker, containing the fluid under investigation. This arrangement with a massive oscillating geometry is called the annular pumping or Birnboim geometry. Via a mechanical or electrical impedance measurement the complex viscosity could be determined, however, it was not possible to simultaneously apply a steady shear flow to the sample. Simmons (1966) developed an instrument in which small amplitude shear deformations could be superimposed orthogonally on a steady shear flow. This was accomplished with a thin-walled cylinder oscillating axially in a concentric annular rotatable sample holder. Due to a special construction of this instrument with an "open end bottom;' there is no annular pumping. A drawback is the rather large amount of sample needed (from their data we estimate this to be about 150ml). Tanner and Williams (1971) improved the instrument by changing the geometry to an annular pumping set-up, thus increasing the mechanical impedance and improving the sensitivity of the instrument. Mewis and Schoukens (1978) built a similar instrument also with an annular pumping geometry.
In our group the properties of, amongst others, not too concentrated aggregating latex dispersions are studied. This system was used as a reference to set design criteria for the instrument. They concern the ranges of the deformation amplitude, frequency, viscosity and shear rate. The harmonic oscillations should not break up the structure and so the amplitude of the harmonic shear deformation (y) must be very small and a lower bound of approximately 0.002 is required. The frequency must range from 0.01 up to at least 10 Hz, and over this full range, viscosities from 1 mPas up to 1 Pas must be measured with an accuracy of 5% or better. The maximum of the shear rate (3~) we require is of the order of 10 s -1.
In order to meet our criteria it is not possible merely to copy an existing instrument, but a new one has to be developed. The outline of this new instrument is shown in Fig. 1 .
The apparatus consists of a thin-walled cylinder which oscillates harmonically in the axial direction in an annular cup which is filled with the fluid under investigation. This arrangement resembles the geometry of the instrument developed by Simmons (1966) 
